We utilized high-resolution resonant angle-resolved photoemission spectroscopy (ARPES) to study the band structure and hybridization effect of the heavy-fermion compound Ce2IrIn8. We observe a nearly flat band at the binding energy of 7 meV below the coherent temperature Tcoh~40 K, which characterizes the electrical resistance maximum indicating the onset temperature of hybridization. However, the Fermi vector kF and the Fermi surface (FS) volume have little change around Tcoh, challenging the widely believed evolution from a high-temperature small FS to a low-temperature large FS. Our experimental results of the band structure fit well with the density functional theory plus dynamic mean-field theory (DFT+DMFT) calculations.
around the M point. Neither in our experimental nor theoretical explorations, we could find large change of the Fermi surfaces at very low temperature, which is different from the widely believed evolution from small Fermi surfaces at high temperatures to large Fermi surfaces at low temperatures.
EXPERIMENTAL AND COMPUTATIONAL DETAILS:
High-quality single crystals of Ce2IrIn8 were grown by flux method. Electrical resistivity was measured with the four-probe method. ARPES data in Fig. 1 were obtained at the SIS beamline of Swiss Light Source using a SCIENTA R4000 analyzer. Samples were cleaved in situ along the (001) plane at T = 15 K, the vacuum was kept below 5 × 10 -11 mbar. Other ARPES data were obtained at the "Dreamline" beamline of Shanghai Synchrotron Radiation Facility (SSRF). Samples were cleaved in situ at T = 10 K, and the vacuum was kept below 1 × 10 -10 mbar. The overall energy resolution was better than 18 meV.
We used the DFT+DMFT method [20] [21] [22] with the continuous time quantum Monte Carlo (CTQMC) [23] and one-crossing approximation (OCA) [24] as the impurity solver for the first-principles calculations of this compound. The lattice is represented using the full potential linear augmented plane wave method with spin orbital coupling as implemented in WIEN2k package [25] and the Perdew-Burke-Ernzehof generalized gradient approximation (PBE-GGA) is used [26] . We chose the Coulomb interaction U = 6.0 eV to yield the correct coherence temperature and obtain the self-energy, the density of states and the spectral function in real frequency with analytical continuation in the CTQMC calculations, which were then compared to the OCA real frequency calculations for consistency.
RESULTS AND DISCUSSIONS:
The electrical resistivity of Ce2IrIn8 shown in Fig. 1 (a) has a broad maximum at T~40 K, which is the coherent temperature of Ce2IrIn8. To investigate the basic electronic properties of Ce2IrIn8, we measured the Fermi surface and band structure of Ce2IrIn8 at T = 16 K. All the ARPES data in Fig. 1 were obtained with an off-resonant photon energy of 115 eV, which has a small cross-section for Ce 4f electron and can reveal the non-4f band more clearly. The Fermi surface in the Γ-X-M plane, shown in Fig. 1(b) , is composed of 5 electron pockets. Around the Γ point, there is an electron pocket α with the four-corner star-like shape. The bottom of this electron pocket α is around 0.29 eV below the Fermi level, which is consistent with the Ce 4f7/2 final state [27, 28] . Around the M point, there are three electron pockets γ,δ,ε, with their bottoms around 0.51 eV, 0.76 eV, 1.4 eV below the Fermi level with a radius of 0. , respectively. Around the X point, there is an elongated electron pocket β with its long axis along the Γ-X direction. Because the slit of the analyser in the SIS beamline is parallel to the ground, so linear horizon (LH) polarization can be used to detect even parity orbitals and z components, while linear vertical (LV) polarization is used for detecting pure odd parity orbitals. Comparing Figs. 1(c) and 1(d), the electron pocket α near the Γ point is more obvious with LH polarization along both Γ-X and Γ-M directions, implying the electron pocket α should not be dxy or dx 2 -y 2 orbital. Due to the dxz and dyz orbitals are purely even/odd with respect to the ac mirror plane, and we cannot detect the electron pocket with LV polarization, indicating that the electron pocket α near the Γ point should be the dz 2 orbital. For other bands near the Fermi level, although there is intensity difference, they can be detected by both LH and LV polarizations, indicating they are not pure orbitals.
Resonant ARPES measurements were performed at Ce 4d-4f transition [28] to enhance the Ce 4f cross-section in Ce2IrIn8. We choose hv = 121 eV as the resonant photon energy, and hv = 115 eV as the off-resonant photon energy to minimize the cross-section and kz difference between on/off-resonant photon energy. Figs. 2(a) and 2(b) show a photoemission intensity plot taken with off-resonant (hv = 115 eV) and on-resonant (hv = 121 eV) photons at T = 15 K along the Γ-M direction with a circular polarization, respectively. Compared with the on-resonant spectra, the conduction bands dominate the off-resonant spectra. The Ce 4f component is strongly enhanced in the on-resonant data, as also shown in the angle-integrated energy distribution curves (EDCs) in Fig. 2(c) . Two nearly flat features reside in 0.3 eV and 2.5 eV below the Fermi level can be observed in the on-resonant data. Two peaks highlighted in Fig. 2(c) correspond to the Ce 4f Fig. 2(d) , we observed an obvious spectral weight enhancement in the on-resonant data around the Γ point near the Fermi level in Fig.  2(e) . This enhanced intensity at the Γ point near the Fermi level is actually the tail of Kondo resonance [31] . From the on/off-resonant comparison, we can find that resonant ARPES not only enhances the Ce 4f cross-section due to the 4d-4f transition, but also enhances the background making the other bands fuzzy.
To investigate the kF difference due to the f-electron contribution in resonant spectrum, momentum distribution curves (MDCs) at EF are displayed in Fig. 2(f) . We draw three vertical dashed lines to mark the kF positions away from the Γ point in Fig.  2(f) . As shown in Fig. 2(f) , the on/off resonant MDCs have no visible difference at these marked kF positions. However, on-resonant ARPES suppresses the intensity at kF = ± 0.65 A -1 , but doesn't change the kF value, suggesting that there is no 4f contribution involved in this electron pocket centered at the M point, or the hybridization happens far above the Fermi level. The only intensity enhancement in the resonant MDC at the Fermi level is around the Γ point. There is an emerging intensity near the Γ point compared with the off-resonant (hv = 115 eV) MDC, which indicates that the Ce 4f feature near EF mainly concentrate around the Γ point. Furthermore, kF shrinks in the resonant MDC, which also indicates that the f ingredient appears mostly near the Γ point.
In order to trace the hybridization process in Ce2IrIn8, we performed a temperature dependent experiment with the on-resonant photon energy (hv = 121 eV) along the Γ-M direction. At the lowest temperature (T = 10 K), we observed a nearly flat band near the Γ point at the binding energy about 7 meV. The intensity of this flat band gradually decreases with increasing temperature and nearly disappears above the coherent temperature Tcoh = 40 K. The EDCs show distinct change from a low-temperature peak near the Fermi level to a high-temperature Fermi-Dirac cutoff line shape near the Fermi level in Fig. 3(e) , which indicates the hybridization process happens at low temperatures. Integrating EDCs over the energy range of (EF -100 meV, EF + 10 meV), we obtain the T-dependent f-electron spectral weight, as shown in the inset of Fig. 3(e) , which displays an obvious increase upon lowering T. From our data, we get the similar enhancement value (~20%) as the weakly hybridized heavy-fermion compounds CeRhIn5 and CeCoIn5 [18] . Furthermore, T-dependent MDCs at the Fermi level can in principle reflect the change of kF around the coherent temperature. However, three vertical dashed lines in Fig. 3(f) line up the MDC peaks at different temperatures nicely, indicating very small difference in kF when temperature changes across Tcoh, which is quite unexpected and contradict with the small-to-large Fermi surface change scenario expected in these heavy-fermion compounds. However, as we will discuss below, this might occur if there exist several unconnected Fermi surfaces. Similar with our result, there is also no obvious change [18] in kF in CeRhIn5, even there is a flat band with a sharp peak near EF.
To understand these results, we carried out DFT+DMFT calculations with experimental lattice parameters for Ce2IrIn8. Figs. 4(a) and 4(b) plot the temperature evolution of the Ce-4f density of states. We see a sharp quasiparticle resonance developing near the Fermi energy at T = 10 K and a rapid increase of the quasiparticle peak when lowering the temperature. The onset temperature of the increase corresponds to the maximum of the temperature derivative of the imaginary part of the self-energy. For U = 6 eV, this occurs at about 30 K, in a rough agreement with the coherence temperature estimated from experiment, which justifies our choice of parameters. The band structure at 10 K is plotted in Fig. 4 (e) and exhibits evident hybridization feature near the Fermi energy, which is absent at 200 K. Several features in the corresponding Fermi surfaces are consistent with experiment. Along the X-M direction are four electron bands, two of which are close and difficult to distinguish in ARPES. The bottoms of these bands locate at 0.8 eV and 1.4 eV at the M point, respectively, in good agreement with experiment. These bands show negligible f-character and hence remain unchanged at all temperatures. By contrast, the major f-electron bands at 10 K locate around the Γ point and along the Γ-X direction, forming a complicated pattern of Fermi surfaces shown in Figs. 4(d) and 4(f), which evolves with lowering temperature due to the local-to-itinerant transition. For example, around the Γ point there exists an electronic pocket, which increases slightly with lowering temperature. This difference agrees with the experimental observation. We also note that the overall change is small compared with the usual expectation of small-to-large Fermi surface change. But this should not be surprised, if one notices the existence of several electron and hole Fermi surfaces. While each of them varies slightly, a sum of them all would yield the required volume change by the Luttinger theorem. In our ARPES data at hv = 121 eV, each momentum pixel is 0.0095A -1 , if we assume each of the three electron pockets γ,δ,ε, centered at M point expands two momentum pixels, we estimate the total Fermi volume expansion to be about 0.078 electrons in the localized-to-itinerant transition. If we add the contributions from the α, β electron pockets, we may get similar value 0.2±0.05 in CeCoIn5. [17] CONCLUSIONS To summarize, we performed high-resolution on-resonant temperature dependent study on the heavy-fermion compound Ce2IrIn8 across the coherent temperature. We found a nearly flat band near the Fermi level around the Γ point showing no big difference in kF, which seems to challenge the small-to-large Fermi surface scenario in the heavy-fermion compounds. In our case, f-electron orbitals mainly exist near the Γ point, but without large changes for kF values and Fermi surface volume. This may due to multiple Fermi surfaces in this compound. Each single Fermi surface volume varies slightly with temperature, and the total effect of multiple Fermi surfaces yields a moderate volume change contributed from Ce 4f electrons. 
